Objective To examine national trends of emergency department (ED) visits owing to traumatic brain injury (TBI) among infants (age <12 months), specifically in the context of intentional and unintentional mechanisms.
T raumatic brain injury (TBI) accounts for a significant proportion of injuries in young children, with those less than 4 years of age having more emergency department (ED) visits owing to TBI than older children. 1 The overall number of ED visits for children less than 4 years of age has increased from 1112 ED visits per 100 000 in 2001-2002 to 2193 ED visits per 100 000 in 2009-2010. 1 However, limited information on national trends of head injuries is available for infants, (age <12 months), because previous national estimates have primarily grouped infants with children under the age of 4.
Infants are especially vulnerable to head injury and its short-and long-term sequelae. Although abusive trauma is a major cause of serious TBI in young children, infants in particular are at greater risk of sustaining more significant TBI owing to abuse rather than accidental mechanisms. [2] [3] [4] A recent study assessing abusive head trauma (AHT) in children 4 years or younger reported that children under the age of 1 year comprised up to two-thirds of all AHT cases. 5 AHT has been shown to be the most common cause of death in patients who die owing to abusive injuries, with infants having the highest incidence of death owing to AHT compared with older children. [5] [6] [7] [8] [9] [10] Furthermore, infants with AHT sustain more serious injuries, have prolonged hospitalizations, and require more operative management when compared with infants with accidental head injuries. 11 Studies have also reported that infants are more likely to have long-term sequelae and greater financial costs resulting from AHT than older children. [12] [13] [14] [15] Because an increase in TBI has been reported in children and because infants are an especially vulnerable subpopulation, it would be informative to conduct a national assessment of TBI rates and trends for infants, who have been otherwise studied in aggregate with older children. This study examined national trends in ED visits owing to TBI by infants with the specific aim of attempting to differentiate these injuries based on intentional and unintentional mechanisms. We hypothesized that there has been an increase in the overall TBI rate in infants in AHT Abusive head trauma ED Emergency department NEISS-AIP National Electronic Injury Surveillance System-All Injury Program TBI Traumatic brain injury the US, similar to the increase seen for older children. Additionally, we expected the analysis to demonstrate whether any increase in TBI rate is attributed to intentional or unintentional mechanisms.
Methods
The National Electronic Injury Surveillance System-All Injury Program (NEISS-AIP) dataset was used for this study. 16, 17 The NEISS-AIP data report ED visits related to nonfatal injuries and poisonings from a sample consisting of 66 hospitals in the US. The selection of these hospitals is based on stratified probability sampling and is representative of the estimated 5300 hospitals with a minimum of 6 beds and a 24-hour ED in the US and its territories. It includes different sized EDs, children's hospitals, and both trauma and nontrauma centers.
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The study included all infants (children <12 months of age) who visited an ED owing to any injury from January 2003 through December 2012 inclusive. Patients who were dead on arrival or died in the ED are not captured by NEISS-AIP and, therefore, could not be included in the analysis. This study was exempted from review by our Hospital Committee on the Protection of Human Subjects.
The NEISS dataset uses codes for diagnosis which are not based on the International Classification of Diseases codes. 16 NEISS data code injuries based on the most severe diagnosis and secondary diagnoses are not included. We classified an injury as a TBI if the patient was assigned a NEISS diagnosis code for concussion (diagnosis code "52"), internal injury in which "head" was the body part affected (diagnosis code "62" and body part "75"), or fracture in which "head" was the body part affected (diagnosis code "57" and body part "75"). 16 The diagnosis codes were defined a priori based on a previous study documenting this schema to be most sensitive for identifying TBI using the NEISS dataset. 19 ED visits by infants for any other injury were classified as non-TBI, injury-related visits.
Infants were grouped into 4 categories by age: 0-2, 3-5, 6-8, and 9-11 months. Race/ethnicity was classified as Hispanic, non-Hispanic white, non-Hispanic black, and nonHispanic other. Location of injury occurrence was categorized as home, other (public property, street or highway, school, sports/sports facility, mobile, farm, industry), or unknown. Disposition was categorized as discharged (patients who were discharged after examination with or without treatment), admitted (patients who were admitted in the same facility, placed in observation, or transferred to another facility), or other (left without being seen, left against medical advice, or information not available). The precipitating cause of the index injury was categorized as fall, struck by or against, and other. Injury mechanisms were coded as unintentional and intentional. Intent of injury is coded by NEISS after reviewing a patient's medical chart based on physician documentation. NEISS coding methodology designates "unknown intent" if the intent of an injury was not known or not documented, and codes these under unintentional injuries. 16 We considered intentional injuries to be those labeled in the dataset as due to assault, self-inflicted injury, or legal intervention. The perpetrator (person inflicting the injury as coded in NEISS) for intentional injuries was categorized as self, parent, multiple, other known (spouse/partner, other relative, unrelated caregiver, friend/acquaintance, official authorities, stranger, and other specified), and other unknown/unspecified.
Descriptive analyses examined the demographic characteristics of (1) infants with ED visits for TBI compared with ED visits owing to non-TBI injuries and (2) infants with a TBIrelated ED visit owing to intentional mechanisms compared with those with unintentional mechanisms. TBI visits were compared with non-TBI-related visits to understand better the direction of trend for TBI injuries in the context of trends for other injuries in infants. Bivariable and multivariable logistic regressions were used to examine the association between TBI and predictors including age, sex, race/ethnicity, location of injury occurrence, precipitating cause of the injury, disposition, and, in the case of intentional TBI, perpetrator relationship to the child.
Data were analyzed using SAS, version 9.4. (SAS Institute, Inc, Cary, North Carolina) and Joinpoint, version 4.5.0.1 (Statistical Methodology and Applications Branch, Surveillance Research Program, National Cancer Institute, Rockville, Maryland). 20 Joinpoint Trend Analysis Software is a statistical program used to analyze trend data. NEISS-provided weights and SAS Proc Survey procedures were used with all analyses to account for the complex sample design and allow for unbiased national estimates. 21 National estimates and 95% CI were calculated using the survey weights. NEISS survey weights are comprised of 4 parts: basic weights, adjustments for nonresponse, adjustments for changes in the sampling frame, and adjustments for merged hospitals. 18 The survey weights allow for national estimates. P values < .05 were considered significant. Categories with fewer than 20 entries, fewer than 1200 weighted entries, or those with a coefficient of variation of greater than 30% represent unstable estimates based on NEISS guidelines and are highlighted in the results when appropriate. 16, 17 Population estimates from the US Census Bureau for infants were used as the denominator to calculate the population rates of unintentional and intentional TBI per 100 000 population per year. 22 The US Census reported 4 147 997 infants for 2007 and 4 132 735 infants for 2008. The average of these estimates (4 140 366) was used to calculate an overall rate of injury for the decade. Joinpoint regressions were used to identify statistically significant trends in ED visit rates for the 10-year study period and to estimate changes in annual percent change rates. The minimum and maximum number of joinpoints are selected and the software fits the simplest joinpoint model possible. Using Monte Carlo permutation methods, the software determines if an apparent change in trend is statistically significant. 23 Log-linear models were used to calculate the annual percent change and, as per the software recommendation, a maximum of 1 joinpoint was used for each trend analysis based THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 203 • December 2018 on a total of 10 study points for each year of the study time period.
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Results TBI-related ED visits (n = 713 124) accounted for an estimated 28% of all nonfatal injury-related ED visits by infants in the US for the study period. Over the same period, there were an estimated 1 790 678 ED visits owing to non-TBI injuries in this age group. TBI-related ED visits yielded an average annual rate of 1722 TBI-related ED visits per 100 000 infants in the US. The yearly estimates of TBI and non-TBI-related ED visits and rates per 100 000 infants in the US are shown in the Figure, A, and the ED visit characteristics are outlined in Table I . Trend analysis showed that from 2003 to 2012, there was an annual increase of 9.48% in the rate of TBI-related ED visits in infants (P < .05; Figure) . There was a decrease in the rate of ED visits owing to non-TBI injuries from 2003 to 2008 (P < .05). The rates then remained relatively stable from 2008 to 2012. Of the ED visits owing to TBI, an estimated 701 757 (98.4%) ED visits were attributed to unintentional mechanisms and 11 367 (1.6%) visits to intentional mechanisms (Table II) . Unintentional TBI-related ED visit rates increased by 9.52% annually (P < .05) and the rates of intentional TBI were relatively stable from 2003 to 2012 (Figure, B and C). Visits related to intentional TBI were more common in infants under 6 months of age, whereas visits for unintentional TBI were more common in infants older than 6 months of age (Table II) . Home was the most common location for both intentional and unintentional TBI. For intentional TBIrelated ED visits, parents were identified as the most common perpetrator (31.4%; 95% CI, 24.0-38.8), followed by multiple perpetrators (14.1%; 95 % CI, 6.7-21.5), other relatives (11.8%; 95% CI, 6.8-16.7), friend/acquaintance (9.5%; 95% CI, 4.6-14.3), and unrelated caregiver (2.3%; 95% CI, 0.0-4.9). The perpetrator information was not documented in 30.2% of cases (95% CI, 21.2-39.2). For other mechanisms of injury, none of the injuries were reported to be self-inflicted and 10 were reported owing to legal intervention, with only one of these resulting in TBI.
When ED visits for TBI based on intentional vs unintentional mechanisms were compared, there were no associations with sex in the adjusted model (Table III) . Hispanic (aOR, 1.76; 95% CI, 1.22-2.55) and non-Hispanic Black (aOR, 1.84; 95% CI, 1.11-3.06) infants had higher risk for intentional TBI-related ED visits. All younger age groups had higher risks compared with the 9-11 months age group. Injuries most frequently occurred at home and resulted from a struck by/against mechanism. Patients with an intentional TBI had significantly higher odds of admission compared with those with unintentional TBI (aOR, 11.44; 95% CI, 3.02-21.75).
Stratified analysis of TBI-related ED visits compared with non-TBI-related ED visits based on mechanism (intentional and unintentional) was conducted to better understand the injury trends (Table IV ; available at www.jpeds.com). The NEISS-AIP dataset does not include an injury severity score; however, ED disposition may be a proxy for injury severity. The odds of admission for intentional TBI were higher when compared with those for other intentional injuries (aOR, 2.79; 95% CI, 1.93-4.03). Similarly, the odds of admission were 3.73 times higher (95% CI, 2.92-4.78) for those with unintentional TBI-related ED visits compared with other unintentional non-TBI-related ED visits in the adjusted model.
Discussion
This study has identified 2 important trends for TBI in infants. First, the overall rate of TBI-related ED visits increased substantially over the study period. Second, this increase is mostly owing to an increase in unintentional TBI. The overall increase in TBI parallels the increase in TBI-related ED visits reported by the Centers for Disease Control and Prevention for children less than 4 years old. 1 There may be various reasons for the noted increase. One hypothesis is that greater public awareness as the result of increased education and publicity has led to increased concern for, and recognition of, unintentional TBI in the general population. In contrast, public awareness may not play a significant role in the identification of intentional TBI. It is important to note that we did not see an increase in "non-TBI-related" ED visits by infants. Therefore, the increase seen in TBI-related visits is less likely to be due to an overall increase in ED utilization by infants, nor is it explained by an increase in infant population which had been stable from 2003 (3 975 871) to 2012 (3 926 677). 22 Our study reports that the number of ED visits owing to intentional TBI was stable over the study period. However, it is possible that some patients whose TBI was classified as "unintentional" or "unknown" may have had unidentified "intentional" trauma. 9 Additionally, because NEISS data exclude fatalities and AHT is a significant cause of mortality in infants, intentional TBI rates may be underestimated. 8 Infants with an intentional TBI were more likely to be admitted to the hospital than infants with an unintentional TBI. This disparity is likely multifactorial. Previous work has demonstrated that patients seen for intentionally inflicted injuries are more severely injured than those with unintentional mechanisms of injury, with higher rates of hospitalization and mortality. 2, 6, 7, 24 The increased likelihood of admission could also be because the "intentional" nature of the injury required additional diagnostic evaluation, consultation, or legal investigation.
To appropriate optimally both funding and preventive efforts, it is important to understand both who is injured and how they are injured, that is, the demographics and mechanisms of injury. In this study, Hispanic and non-Hispanic black infants were found to be at higher risk for AHT than other populations. This finding is in line with previous studies that have reported African American children have higher rates of inflicted injuries 10, 14, 25, 26 ; however, existing literature also demonstrates that there is a significant disparity in the approach to the workup among racial groups. For example, nonwhite infants are more likely to undergo a skeletal survey than comparable white infants. 26, 27 Furthermore, female infants in our study were found to be at greater risk for unintentional 
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TBI than their male counterparts. Although this result is statistically significant, it is not a result that has been reported previously in the literature and the clinical and epidemiologic significance, if any, has yet to be determined. In contrast, the determination that falling is the most common mechanism of unintentional TBI and that the greatest proportion of injuries occur at home are important clinical findings. Such information allows targeted anticipatory guidance and intervention that provides the greatest opportunity to prevent injuries a priori. These findings also support previously published literature, which notes that infants are more likely to fall from furniture, stairs, or a caregiver's arms and sustain more injuries than other age groups. 3, 28, 29 Additional studies with a more detailed assessment of intentional and unintentional injuries may contribute to our understanding of the disparities identified in this study.
Our study points to the importance of improved injury prevention and anticipatory guidance for families with young children. These efforts are particularly important, given the shortand long-term medical sequelae and financial costs, both for families and the medical system, associated with serious TBI suffered by infants, which have been noted in the literature. 12, 13, 30 Sequelae include but are not limited to developmental delays and effects on cognitive and academic skills. Enhancing targeted anticipatory guidance and intervention may provide the greatest opportunity to prevent injuries (eg, counseling extra caution when carrying an infant in a car seat or recommending or providing baby gates to prevent falls down stairs in newly mobile infants). 31 Similarly, as noted in literature, abusive trauma might also be prevented. Identification of stressed, high risk families with certain known infant complaints associated with risk of abuse (eg, crying) may guide anticipatory guidance that may help to prevent an infant from suffering a serious intentional trauma. 31, 32 Our study has limitations inherent to use of public, national datasets, which lack detailed patient-specific information, such as a detailed account of the event resulting in the injury, and limit the ability to understand the potential causes and recommend appropriate prevention strategies, especially for intentionally inflicted injuries. NEISS codes injuries based on most severe diagnosis, and therefore some infants with TBI may be accounted for in the "non-TBI injuries" category. 16 However, information is available for body parts injured for each patient and none of the patients in the "non-TBI" category had internal head injury or fracture of head, although they may have superficial injuries of head (lacerations, cuts, bruises). In addition, the NEISS-AIP dataset does not include information on fatal injuries and, thus, the most severe cases of TBI were potentially not included. 33, 34 The NEISS-AIP dataset also does not classify patients with unknown intent into their own separate category, but rather includes them in the unintentional injuries group, leading to potential misclassification. The dataset does not report the proportion of unintentional injuries in which the mechanism if injury was unknown. As discussed, this strategy could potentially lead to an underestimation of the frequency of intentionally inflicted TBI in this sample because those with unknown injury intent are more likely to be due to intentional trauma. Other patient-and medical care-related variables that are not available in the dataset include the socioeconomic and insurance status of the patient, both of which have been shown to be associated with injury severity. 5, 35 There is no information about the location of ED or types of ED for each visit, which may help to address possible differences in presentation and management of such patients with TBI. In addition, information about patients after hospitalization, including duration of inpatient stay and management provided, is not available which may help to explain the severity of such injuries. Despite these limitations, NEISS-AIP data do provide a large, nationally representative sample of nonfatal injuries that can address the generalizability issues found in smaller studies of one or a few hospital facilities. Similarly, the dataset provides inclusion of a variety of ED settings, including both tertiary and secondary EDs.
This study highlights that the rates of overall and unintentional TBI injuries in infants have been increasing over the past decade and the rate of intentional TBI-related ED visits has remained stable. Because previous national studies have assessed infants with TBI as an aggregate with children under the age of 4, it was unclear until now if this especially vulnerable subpopulation was exhibiting the same increasing trend in TBI-related ED visits. Existing preventive strategies for families with infants require renewed efforts to reduce both intentional and unintentional TBI burden, as we have not observed a decrease in their occurrence. Because of their very young age, infants interact more frequently with healthcare providers and provide multiple opportunities for prevention by anticipatory guidance. ■ *Unintentional injuries is coded in the dataset as those with unintentional and unknown mechanisms. †Model adjusted for sex, race/ethnicity, age groups, location of injury, precipitating cause, and disposition.
